Abstract
Introduction 19
Performance analysis in volleyball has focused on the efficacy of key game actions, mostly at an 20 expert level of performance ( for reviews see Mesquita et al. 1 and [1] ). Efficacy in performance of key 21 game actions, such as the serve, attack, block, serve-reception (referred to as reception from this point 22 on), has been associated with successful competitive performance in top-level male volleyball [2] [3] [4] . In a 23 recent study, Silva et al. 4 assessed which game-related skills discriminated between winning and losing in 24 competitive volleyball. They reinforced the importance to competitive outcomes, in top-level males, of 25 the 'serve-reception game'. They found that 'serve points' and 'reception errors' were two key variables 26 that best discriminated between winning and losing a match. However, in their study, these game actions 27
were assessed separately as if their performance was independent of each other, as isolated variables. In 28 their study it was not clear whether there was an overlap between 'serve points' and 'reception errors' (as 29 if these were the same occurrences). This overlap in the way that serve and reception efficacy are usually 30 assessed (rating scales, e.g.
5
) leaves unclear the co-adaptive nature of the interactions between the 31 receiver and server in emergence of performance outcomes (see also Afonso et al. 6 ).
32
According to Davids et al. 7 'expert performance in sport is predicated on an athlete's capacity to , horizontal displacement, and server -ball contact height 8, 9 .
44
These variables express some of the performance constraints on a receiver's action modes. Intriguingly,
45
in competition, Moras et al. 10 found no relationship between the speed of a serve and reception efficacy.
46
These findings suggest that action mode selection is an expression of a performer's movement 47 adaptations to satisfy changing task constraints to achieve a specific performance goal. For example,
48
Barsingerhorn et al.
11
, in a passing task, found that the underhand pass was used when larger longitudinal 49 displacement of the passer were required, and the overhand pass was used closer to the initial position of 50 the passer. Also, Hristovski et al. 12 , in a heavy-bag-punching task in boxing, found that the probability of 51 selection of a specific boxing action mode (jabs, hooks and uppercuts) was related to the scaled distance 52 of a boxer to the target. 
67
In addition to the power-jump serve, the literature suggests that, in elite male competitive 68 volleyball, the jump-float and the float serve are the most commonly used serving actions modes 10, 15, 16 .
69
In receiving the ball, the standard mode described in the coaching literature is the underhand-frontal pass 70 14, 19, 20 . However, some experienced coaches suggest that the underhand-lateral pass as a last-resource 71 mode of action 14, 19 . Also, the overhand pass is proposed as an 'emergency' action mode 14 
120
For the observation reliability procedures two sets were analysed (10% of the sample). Intra - Each rally played was notated with regard to the team in the side-out phase (i.e. the team 129 receiving the serve). Given that we already knew before the notation which of the teams won/lost the set,
130
we also notated that information (e.g. the team in the side-out phase was the one that lost the set). In the 131 Excel sheet used for recording the data, each line of record corresponded to a rally played, and each 132 columns to the variables presented in To verify the relevance of considering the co-adaptation of serve and reception modes as a 141 predictor of set outcome, we preliminarily analysed the association between serve and reception action 142 modes and the efficacy of these game actions (Supplemental online material Table 1 and 2), the 143 association between serve and reception action modes (Supplemental online material Table 3) , and the 144 association between the co-adaptation of serve and reception action modes with reception efficacy 145 (Supplemental online material Table 4 ). For the associations tested we used Chi-square statistics and 146 assessed their effect sizes by using Cramer's V. In the four Chi-square analyses, the assumptions for test 147 use were satisfied (there were no expected cell counts of zero, and the maximum of cells with an expected 148 count below five was 17%). We found that the action modes used in serve and in reception were closely 149 associated and correlated with performance efficacy. Importantly we found that the co-adaptation of 150 serve and reception action modes was associated with reception efficacy, a finding which supported the 151 study's aim, leading us to use this variable as predictor of set outcome.
152
We used (SPSS Statistics 21) Binary Logistic Regression to test the co-adaptation of serve and 153 reception action modes as a predictor of set outcome. We tested it as predictor of winning or losing the set 154 for the full sample, and for the first and last sets, independently. In the definition of the reference category 155 for the co-adaptation of serve and reception action modes we took two steps. First, we defined as the 156 reference category the co-adaptation of the power-jump serve with the underhand-frontal pass since it was 157 the most frequent co-adaptation (34%, see Supplemental material Table 4 ). However, we did not want to 
Results

173
To arrive at a model for set outcome, we tested the co-adaptation of serve and reception action Table 2 ). 
218
proportions was more marked in the final set. In contrast, in the final set, the frequencies of the co-219 adaptation of the power-jump serve with the underhand-frontal pass were higher for lost sets than for 220 those won. As with previous co-adaptations, in the first set these frequencies were inversed. In the full 221 sample, like in the final set, the frequency of the co-adaptation of the power-jump serve with the 222 underhand-frontal pass was higher in lost sets, but as for previous co-adaptations, the asymmetry in 223 (won-loss) proportions was more marked in the final set. Table 3 suggest that, in the full sample, the tendency of the distribution expressed in the model for 
250
In the coaching literature, the power-jump serve is seen as a powerful weapon
14
, and its 251 coupling with no-contact reception situations (i.e., when a server serves the ball directly onto the 252 opposition court, without receivers touching the ball) increased the odds of losing the final set. However,
253
this relationship was the least impactful in the model (see Table 2 ). Several studies have shown that the 254 power-jump serve animates the ball with significantly higher velocities than the jump-float serve e.g. . Its increase in frequency of use reinforces the relevance of the present study's findings.
264
The data suggest that, to win the final set (i. 
